Abstract
detected more graininess and starchiness in millet samples than in commercial pasta. Millet 
Chemical analyses

99
Moisture content was determined in duplicate using a moisture analyzer (MB35, Ohhaus, 100 Parsippany, NJ). Starch in uncooked and cooked pasta were measured in triplicate with 101 amyloglucosidase/-amylase digestion followed by GOPOD derivatization and 102 spectrophotometric quantification as described by AACCI method 76-13.01. Protein content was 103 determined following AACCI Dumas combustion method 46-30.01, using 6.25 as the protein 104 conversion factor. Carotenoids in raw and cooked pasta were analyzed in triplicate with high-105 performance liquid chromatography as described by Tyl et al. (2018) , without modification. The color of uncooked and cooked pasta was assessed using a Chroma Meter CR-221 (Minolta 109 Camera Co., Osaka, Japan). Results were averages of five determinations for each uncooked 110 pasta batch (two batches, i.e., two true replicates). For cooked samples, five determinations were 111 carried out on two independently cooked samples from each batch. 
Statistical analyses
159
Millet pasta dough from each variety was prepared in duplicate. Pasta from each dough was 160 cooked in duplicate, and each resulting sample was analyzed at least in triplicate. The two 161 replicates of the commercial pastas (wheat and GF) consisted of pasta prepared from two 162 different packages.
163
A two-way analysis of variance (ANOVA) was performed using Excel 2013, with prolamin 164 (present versus absent) and amylose contents (high versus low) as factors for the two-way in moisture, yellowness, starch, protein, and carotenoid contents between raw and cooked pasta 169 were determined with a 2-sided t-test (P  0.05) in Excel 2013. Sensory data were analyzed by 170 ANOVA (using SAS® PROC GLM), and Student-Neuman-Keuls multiple comparisons tests to 171 determine differences in attributes among the six pasta samples (P < 0.05). Generally, varieties grown in Lamberton had higher yields and were thus preferred (Tyl et al., 185 2018) . Varieties with different amylose contents (Tyl et al., 2018) (Table 1) , likely due to presence of potato starch. Millet-based pasta had higher protein 205 than commercial GF pasta, although no significant differences were observed among millet 
Pasta color and carotenoid content 209
All millet-based pasta had higher b* value than the GF control (Table 2) , and E-L was the most 210 yellow before and after cooking. In pasta, higher yellowness (i.e. b* values) corresponds to 211 higher product quality (Marti, D'Egidio, & Pagani, 2016) .
212
In fresh-pasta, carotenoids from raw materials contribute the most to yellowness. Earlybird has 213 the highest lutein and zeaxanthin levels, the two carotenoids detected in proso millet (Tyl et al., zeaxanthin content among the pastas, and significantly higher lutein than all other samples 219 except for wheat. Millet pasta samples had higher amounts of zeaxanthin than wheat, which may 220 be due to differences in the amount of eggs used. GF pasta had the lowest levels of both 221 carotenoids.
222
Cooking resulted in significant (P < 0.05) loss in lutein content only for H-L pasta, however, the 223 observed loss was minor. The observed loss was at the low end of the range reported for loss in 224 foxtail millet kernels after cooking (Shen, Yang, Zhao, Shen, & Diao, 2015) . 
In vitro starch digestibility
245
The accessibility of digestive enzymes to starch was similar in millet-based and wheat pasta 246 ( Figure 2 ). This finding is interesting since durum wheat pasta is classified as a low glycemic 247 index product. Having a low glycemic index is an added advantage to a gluten free pasta 248 formulated with millet.
249
Millet pasta had lower RDS than the commercial GF fresh pasta, further indicating that millet 250 could be suitable for formulating GF products with low glycemic impact. The high amount of and were low in phenolics and fiber content (Tyl et al., 2018) . The protein digestibility, however, 274 of cooked proso millet porridge was relatively low (Gulati et al., 2017; Tyl et al., 2018 All millet samples were rated as significantly more uniform than both commercial controls, and 286 perceived as significantly grayer. Millet samples lacking HMW prolamins were deemed more 287 gray. Millet pasta samples were judged to be significantly more yellow than commercial GF 288 pasta. However, except for E-L, they were rated less yellow than wheat pasta. This observation 289 corresponds with lutein, zeaxanthin and b* values (Table 2) . 
Taste
291
E-L pasta scored significantly higher in bitterness and bitter aftertaste (supplement Table 2 ) than 292 all other samples; none of which differed in bitterness. The commercial GF pasta was perceived 293 as more salty than all other samples. While the exact recipe of the commercial samples is not 294 known, higher salt levels were possibly used in their production. 
Texture
296
Millet pasta was rated as more starchy, less elastic and more grainy than both controls. All 297 gluten-free samples, including the commercial control, were less chewy than the wheat control 298 and had lower tensile strength. Contrast analysis determined that presence of HMW prolamins in millet pasta resulted in lower perceived stickiness, but higher graininess, whereas lower amylose 300 contents corresponded with lower firmness, lower chewiness, and higher stickiness. The effects 301 of amylose on firmness, chewiness and stickiness are in agreement with reported sensory 302 attributes of GF pasta made with grains other than millet (Jeong et al. 2017 , Wood, 2015 Wu, 303 Meng, Yang, Tao, & Xu, 2015). E-L was significantly more sticky, but less firm and less chewy 304 than other samples. These low sensory firmness scores correspond with its low instrumental 305 firmness (Table 3) . Combined with the high bitterness scores, these texture ratings suggest that 306 E-L is less suited for pasta making than the other tested proso millet varieties. 
Conclusions
325
This study showed that proso millet is a suitable raw material for fresh pasta. Encouraging 326 findings include lower cooking loss for proso millet pasta compared to commercial pasta, and 327 higher carotenoids and less rapidly digestible starch compared to commercial GF pasta. While 328 millet pastas with higher amylose contents were rated higher for several textural attributes, Table 4 in Means (n =3) in a column followed by different letters denote differences among pasta type, while asterisks indicate differences in an attribute between raw and cooked pasta of the same pasta type. E-L, Earlybird cv. grown at Lamberton; H-L, Horizon cv. grown at Lamberton; Sr-L, Sunrise cv. grown at Lamberton; Sr-W, Sunrise cv. grown at Waseca. 
